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ABSTRACT 
The hypo thes i s  t h a t  language and DNA r e p r e s e n t  two s t a g e s  
of  t h e  same e v o l u t i o n a r y  p a t h  i s  b r i e f l y  eva lua t ed .  V o l t e r r a  
equa t ions ,  s o  u s e f u l  t o  d e s c r i b e  t h e  dynamics o f  competing 
systems a r e  i n  f a c t  e q u a l l y  e f f i c i e n t  i n  d e s c r i b i n g  s o c i a l  
behavior, a s  shown i n  numerous examples. The emergence o f  
language f i r s t ,  and s c i e n c e  l a t e r ,  i n t e r p r e t e d  a s  a metalanguage, 
a r e  a t t r i b u t e d  t o  a "hype rcyc l i za t ion"  of b a s i c  competing 
u t t e r a n c e s  i n  analogy of  h y p e r c y c l i z a t i o n  of  quas i - spec i e s  o f  
r e p l i c a t i n g  molecules  i n  Manfred E i g e n ' s  t h e o r y  of  DNA develop- 
ment and evo lu t ion .  
ON THE ROLE OF SCIENCE I N  THE POST-INDUSTRIAL 
SOCIETY: "LOGOS" - THE EMPIRE BUILDER 
When one  o b s e r v e s  t h e  e f f e c t s  i n  t h e  l a s t  t h r e e  hundred 
y e a r s  t echno logy  and s c i e n c e  o u r  s o c i e t y ,  t h e  n a t u r a l  
r e a c t i o n  i s  o f  a s t o n i s h m e n t  and f e a r .  A r e n ' t  w e  h e a d i n g  a t  
m a r v e l l o u s l y  i n c r e a s i n g  speed  toward t h e  f i n a l  and d e f i n i t i v e  
c r a s h ?  I w i l l  d e v e l o p  h e r e  t h e  v e r y  c o n s t r u c t i v e  t h e s i s  t h a t  
i f  w e  look  a t  e v o l u t i o n  a t  t h e  p r o p e r  l e v e l  o f  a b s t r a c t i o n ,  
from t h e  f i r s t  s e l f - a f f i r m a t i o n  o f  r e p l i c a t i n g  molecu les  . 
t o  t h e  American e m p i r e ,  t h e  t r i c k s  and r u l e s  o f  t h e  evolu-  
t i o n a r y - g a m e  were always  t h e  same. A f t e r  a l l ,  r e p l i c a t i n g  mole- 
c u l e s  and Americans were s t r i v i n g  f o r  t h e  s a n e  o b j e c t i v e s :  
negen t ropy ,  r a n g e  and  c o n t r o l .  
Looking a t  t h e  s i t u a t i o n  from i n s i d e  t h e  b i o l o g i c a l  
sys tems ,  t o  which humanity and s c i e n c e  n a t u r a l l y  b e l o n g ,  t h e  
first  two o b j e c t i v e s  c a n  b e  s e e n  a s  e x t e r n a l ,  and t h e  t h i r d  
one  as p r imary  and i n t e r n a l .  It  is  c o n t r o l ,  by t h e  way, t h e  
o b j e c t  and i n d i c a t o r  w e  have t o  a n a l y z e ,  t o  r e v e a l  t h e  whole 
Based on t h e  k e y n o t e  a d d r e s s  a t  t h e  c o n f e r e n c e  on "The 
Role of S c i e n c e  i n  P o s t - I n d u s t r i a l  s o c i e t y " ,  h e l d  a t  S t .  P a u l  
d e  Vence, F rance ,  19-21 May 1981. 
p l o t .  Control i s  a word which is  very d i f f i c u l t  t o  de f ine  i n  
a b s t r a c t  terms, genera l  terms. I would de f ine  c o n t r o l  a s  bring- 
ing  t h e  out  i n ,  which r a y  sound a  l i t t l e  s t r a n 5 e t  3 u t  if you 
th ink  a  l i t t l e  about it you may agree with me. A king r u l e s  a  
country and " i d e n t i f i e s "  himself with it. I n  o t h e r  words, he 
br ings  it i n t o  h i s  ego. 
The concept of negentropy i s  a l i t t l e  e a s i e r  t o  de f ine  
p rec i se ly .  Negentropy i s  t h e  p o t e n t i a l  f o r  change. It  f u e l s  
the organ iza t iona l  d r i v e  of l i f e ,  range and c o n t r o l .  The f i g h t  
f o r  it i s  fe roc ious ,  everybody t r y i n g  t o  d i v e r t  t h e  maximum 
amount of it. Se l fmul t ip ly ing  molecules i n  t h e  primeval soup 
by f a s t e r  and f a s t e r  speed of  m u l t i p l i c a t i o n ,  and man f i g h t i n g  
s inceever  f o r  a r a b l e  land and energy resources.  
Concerning range, every l i v i n g  spec ies  from t h e  reproducing 
molecules i n  t h e  primeval soup t o  man i s  t r y i n g  t o  expand i n  
space a s  f a r  a s  poss ib le .  The space exp lo ra t ion ,  o r  t h e  con- 
ques t  of t h e  West, a r e  j u s t  outcrops of  t h i s  fundamental and 
b a s i c  dr ive .  ' A l l  o t h e r  r a t i o n a l i z a t i o n s  tend t o  be poetry.  
I n c i d e n t a l l y ,  t h e s e  t h r e e  very b a s i c  concepts a r e  not  r e a l l y  
pr imi t ive .  A s  Manfred Eigen has shown [ I ]  t hey ,  and Darwinism 
wholesale,  descend from t h e  necessary behavior of se l f reproducing  
systems. 
J u s t  t o  l i g h t e n  up my p resen ta t ion  I w i l l  t e l l  you a  l i t t l e  
s t o r y  t o  show how t h e s e  very genera l  concepts feed i n t o  everyday 
l i f e .  A couple of yea r s  ago, I made a  system study about a i r  
t r a n s p o r t a t i o n ,  and o f . t h e  necess i ty  t o  t r a v e l ,  i n  general .  And 
I learned  something I had suspected,  namely t h a t  people do not  
t r a v e l  by plane i n  o r d e r  t o  save t ime, a s  they usual ly  say. 
I n  f a c t ,  t h e  a n a l y s i s  of t r a v e l i n g  time f o r  people ,  from Zulus 
t o  very s o p h i s t i c a t e d  and r i c h  upper-class Americans, shows t h a t  
t r a v e l i n g  t ime i s  b a s i c a l l y  cons tan t  and about 65 m i n u t e s , p e r  
day. When people g e t  r i c h e r ,  what they  r e a l l y  do i s  no t  t o  reduce 
it bu t  t o  a l l o c a t e  an i n c r e a s i n g  s h a r e  c f  t h e s e  65 minuts t o  f a s t e r  
and more expensive modes of  t r a v e l  which permit  a  broader range. 
So when people  t r a v e l  by p lane  they  do n o t  buy t i m e ,  they  buy 
range. And range i s  used f o r  c o n t r o l .  
The percentage of income ded ica ted  t o  t r a v e l i n g  i s  f a i r l y  
cons tan t ,  about  13%. And by t h e  way, income i s  an e x c e l l e n t  proxy 
f o r  negentropy. The only  t h i n g  w e  buy wi th  it, i n  f i n a l  a n a l y s i s ,  
i s  always negentropy. 
The p r i n c i p l e  t h a t  guided IIE i n  choosing Darwinism f o r  t h e  
a n a l y s i s  of t h e  behavior of s o c i e t y  i s  a  very  s imple one and i s  
t h a t  i deas  t h a t  work a r e  very few. And Darwin had t h e  luck of 
h i t t i n g  i n t o  an idea  which could  i n t e r p r e t  t h e  ope ra t ion  of bio- 
l o g i c a l  systems f o r  t h r e e  b i l l i o n  years .  I f  an idea  can u n i f y  
t h e  behavior and t h e  evo lu t ion  o f  such complex systems f o r  such 
a  long per iod  of  t ime,  it must be a  r e a l l y  good one. 
A t  t h e  beginning t h e r e  was t h e  primeval soup, a s  every- 
body knows, t h e  Ear th  had a  reducing atmosphere con ta in ing  
ammonia, C02 and o t h e r  t h i n g s ,  and a  l o t  of u l t r a v i o l e t  r a y s ,  
and t h e r e  was t h e  s e a  wi th  water.  A l l  t h e s e  chemicals combined 
i n t o  t h e  numerous p o s s i b l e  organic  molecules t h a t  can be con- 
s t r u c t e d  j u s t  by s t o c h a s t i c  combination of r a d i c a l s  and o t h e r  
t h i n g s .  So w e  s t a r t  w i th  t h e  soup, and t h e  soup con ta ins  t h e  
two o r  t h r e e  o r  fou r  keywords, o r  key-molecules which l a t e r  gave 
r i s e  t o  t h e  very complex b i o l o g i c a l  s t r u c t u r e s .  Some of t h e s e  
molecules were bases  which,with t h e  he lp  of very simple c a t a l y s t s  
can combine t o  make cha ins .  These cha ins  o f  proto-RNA had a 
p e c u l i a r  p rope r ty  f o r  molecules:  t h e y  could  reproduce them- 
s e l v e s .  S i m i l a r  component molecules a t t a c h  t o  a c h a i n ,  and 
make a kind of  n e g a t i v e  o f  t h e  cha in  and t h e  n e g a t i v e  make a 
p o s i t i v e ,  and s o  on. Thus, under proper  c o n d i t i o n s  t h e  cha ins  
can mul t ip ly  and i n  f a c t m u l t i p l y  very f a s t  a s  experiments made 
by c o l l a b o r a t o r s  of Manfred Eigen,  s t a r t i n g  from soups somehow 
d i f f e r e n t  from t h e  o r i g i n a l  one bu t  having many s i m i l a r i t i e s ,  
show. 
I made a back-of-the-envelope c a l c u l a t i o n  and e s t ima ted  t h a t  
t h e s e  se l f - r ep roduc ing  molecules i n t o  t h e  pr imeval  soup of  t h e  
ocean could  have a mass n o t  very  d i f f e r e n t  from t h e  mass of 
l i v i n g  t h i n g s  today,  t h e  range  o f  a few hundred b i l l i o n  tons  
of  m a t e r i a l .  The v i g o r  was undoubtedly g r e a t  s i n r z t h e  beginning,  
b u t  t h e  o r g a n i z a t i o n  was s t i l l  poor. 
Proto-RNA molecules t h a t  s t a r t e d  a u t o c a t a l y t i c  r e p l i c a t i o n  
i n t o  t h e  pr imeval  soup a c t u a l l y  faced two b a s i c  b o t t l e n e c k s :  
d u p l i c a t i o n  was s u b j e c t  t o  e r r o r s  which r a p i d l y  des t royed  t h e  
"egowai f  t h e  message was t o o  long.  A pro tospec ie s  of ELYA mole- 
c u l e s  cou ld  on ly  s u r v i v e  i f  t h e  message had no more than  a few 
hundred codons. E r ro r s ,on  t h e  o t h e r  hand, were necessary  i n  o r d e r  
t o  c r e a t e  d i f f e r e n t  messages. Second, t h e  message was open-ended, 
i n  t h e  sense  t h a t  it cou ld  n o t  feed  back on i t s e l f .  
Both problems were so lved  through t h e  inven t ion  by mA of 
s l a v e  molecules ,  t h e  p r o t e i n s  which could  s e r v e  i t ,  e .g .  by 
c a t a l y z i n g  RNA r e p l i c a t i o n ,  and could c a r r y  messages around, 
r eadab le  by o t h e r  XIAS. The f a c t  t h a t  IWA molecules 
could  t a l k  t o  themselves and t o  o t h e r  mAs opened t h e  
way to a fundamental breakthrough. At the beginning reproducing 
molecules could express themselves basically subtracting material 
from the soup, as I said. A certain successful molecule (or 
message) would survive as a cohort of mutated off-spring with a 
common hard core kept together by selection. Such a set is formal- 
ly similar toa species with its genetic pool of mutated indivi- 
duals, and was called by Eigen a "quasi-species". Quasi-species 
could not keep their messages too long, a few hundred letters or 
so, or the core would be lost through run-away error accumulation. 
Fighting each other by subtracting soup or components would not 
have brought them too far. Proteins became the basic inter- 
mediate for creating more complex structures through organization. 
So, information transmission from the beginning appears to be a 
key-module, a key-element in the organization of the system. 
Now the breakthrough in organization was of non-Darwinian 
character. It was the creation of a coupling between competing 
quasi-species of molecules, into a hypercycle where one species 
was linked to the next through a life or death mechanism. 
The working and function of hypercycles has been reconstructed 
by M. Eigen in a set of absorbing papers [ I ] .  The simplest system 
is that of quasi-species A producing a chemical, e.g., an 
enzyme, necessary to the growth of B, and B producing one necessary 
for A. Then all evolutionary branches where A and B try to kill 
each other are automatically eliminated, and A and B can only 
evolve along 'lcollaborative" paths. Any nwber of partners can 
be drawn into the magic hypercycle, but only if the control chain 
is closed the system becomes stable. Open or branched chains 
are finally destroyed by instabilities. In this domino system 
every member is protected as its destruction would collapse 
the whole set. 
The great evolutionary advantage of the hypercycle is 
in fact that the amount of information that can be handled is 
much larger, by one or two orders of magnitude. This is be- 
cause many quasi-species pool their (noise-limited) messages 
into a single one. In anthropomorphic terms, this is the 
principle of hierarchization. Thus, to the original principle 
of Darwinian competition another principle has been superposed: 
that of hypercycle organization and hypercycle collaboration. 
If we look, just to make a jump ahead, to social systems, we 
see, e.g. that the President of France is controlling the French 
people through a complex chain of hierarchical organizations, but 
he is finally elected by the people itself, which, in a sense, 
closes the loop and points to the social system being controlled 
by a hypercycle that has many fomal analogies with the hyper- 
cycle that controls for instance the genetics of collaborating 
quasi-species. 
Because now hypercycled quasi-species behave again as a 
(quasi)-species--if more complex--the game can be repeated through 
a second level hypercycling or hierarchization and so on. 
The great tricks were established three billion years ago 
and are neatly delineated: Darwinian competition and non- 
Darwinian collaboration through cross-control followed by hier- 
archization. After three billion years of magnificient success, 
their potential is far than exhausted. 
In this light, the logic of the evolutionary steps appears 
self-consistent and meaningful; the steps appear to have an 
e n t h e l e k e i a ,  a  f i n a l  purpose. J u s t  t o  h i g h l i g h t  some of  t h e  
breakthroughs,  t h e  c r e a t i o n  of a  sk in  t o  s e p a r a t e  t h e  " i n "  can 
be i n t e r p r e t e d  f i r s t  a s  a  n o i s e  suppressor  i n  t h e  communication 
between hypercycled RNAs, s e l e c t i n g  o u t  i n t e r f e r i n g  chemicals 
from o t h e r  communicating systems, and only l a t e r  assuming t h e  
func t ion  o f  p rese rv ing  a  s t a b l e  physicochemical h a b i t a t  f o r  t h e  
c e l l  machinery which could  then  become i n c r e a s i n g l y  s u b t l e  and 
complex. The c i t y  was wal led.  The nex t  s t e p  was t o  b u i l d  t h e  
i m p e r i a l  pa lace .  It was i n  f a c t  t h e  e u k a r i o t i c  breakthrough t o  en- 
c l o s e  t h e  DNA machinery i n t o  a  nucleus ,  where a  h ighe r  degree o f  
h i e r a r c h i z a t i o n  i n  informat ion  handl ing could  be reached,  
s e p a r a t i n g  t h e  i n p e r a t o r i a  b r e v i t a s  of  execu t ive  o r d e r s  s e n t  o u t  
t o  t h e  o p e r a t i o n a l  machinery of  t h e  ce l l ,  from t h e  mandarin re- 
p o r t s ,  a b s t r a c t  and l eng thy ,  c i r c u l a t i n g  i n s i d e  t h e  sac red  wa l l s .  
Very long s t r a n d s  of  RNA do i n  f a c t  c i r c u l a t e  i n s i d e  t h e  nucleus  
of  e u c a r i o t i c  cel ls ,  t h e i r  func t ion  being not  c l e a r  t o  b i o l o g i s t s ,  
b u t  most probably o f  r e g u l a t o r y  c h a r a c t e r ,  c e r t a i n l y  n o t  d i r e c t l y  
r e l a t e d  t o  t r a n s c o d i f i c a t i o n  i n t o  p r o t e i n s .  This  novel s t e p  
permi t ted  manipulat ing t h r e e  o r d e r s  of magnitude more informat ion  
s o  t h a t  metazoa, i.e. l a r g e  s e t s o f  cel ls  organized through hyper- 
c y c l i c  controls,becarne p o s s i b l e  and a c t u a l l y  appeared perhaps a  
b i l l i o n  yea r s  ago. 
W e  belong t o  t h e  metazoa, and wi th  a  l i t t l e  p r i d e  w e  may 
th ink  we a r e  t h e  diamond t i p  o f  t h a t  c l a s s  of  l i v i n g  o b j e c t s .  
B io log ica l ly  w e  do n o t  d i f f e r  much from t h e  o t h e r s ,  i n c i d e n t a l l y  
our  chemistry and g e n e t i c s  i s  very marginal ly  d i f f e r e n t  from t h a t  
o f  t h e  Chimps, bu t  t h e  o l d  t r i c k  was formal ly  played once again 
i n  another  d i r e c t i o n .  
Animals communicate wi th  each o t h e r  i n  many ways, chemically 
most of  t h e  t ime,  b u t  i n  p a r t i c u l a r  through modulated sounds. 
The messages a r e  u s u a l l y  s h o r t  and convey b a s i c  f e a t u r e s :  love ,  
h a t e ,  f e a r ,  possess ion  and dominance. The i r  s t r u c t u r e  and 
func t ion  make them formal ly  s i m i l a r  t o  t h e  molecular quas i -  
s p e c i e s  competing i n  t h e  primeval soup, and one has  j u s t  t o  s i t  
and l i s t e n  i n  a  t r o p i c a l  f o r e s t  t o  g e t  t h e  r e v e l a t i o n  of t h e  
analogy. 
What happened r e a l l y  wi th  man i s  t h a t  s i n g l e  messages-- le t ' s  
c a l l  them words o r  s h o r t  sentences--were organized i n  a  hyper- 
c y c l e  s o  t h a t  they  could i n t e r a c t  and c o l l a b o r a t e  i n s t e a d  of 
compete. The a c t i o n  of  t h e  verb i s  l o s t  w i thou t  a  s u b j e c t  and 
an o b j e c t ,  and a  s u b j e c t  i s  dead without  t h e  verb and t h e  purpose 
of  t h e  o b j e c t .  Syntax channels  t h e  feedbacks and keeps t h e  s t r u c -  
t u r e  ope ra t iona l .  A new h ie ra rchy  i s  in t roduced ,  and t h e  bark ing  
of t h e  wolf i n  a  mere few m i l l i o n  y e a r s  becomes t h e  o r a t o r y  of 
Cicero  i n  t h e  forum, i n  t h e  same sense  a s  t h e  l d o s e  q u a s i s p e c i e s  
of molecules d i s s o l v e d  i n  t h e  pr imeval  soup became t h e  pro to-  
p r o c a r y o t i c  ce l l .  
Organized language i s  a new h i e r a r c h i c a l  l e v e l  i n  t h e  hand- 
l i n g  of in format ion ,  o r  more p r e c i s e l y ,  i n  t h e  e x p l o r a t i o n  of 
new "v iab le"  s t r u c t u r e s .  The check f o r  v i a b i l i t y ,  however, 
r e q u i r e s  s e r v a n t  s t r u c t u r e s ,  l i k e  t h e  o l d  p r o t e i n s ,  t o  go 
o u t  and t a k e  t h e  scorches  of r e a l  l i f e .  I f  t k e y  come Sack at 
a l l  they a r e  good, a s  Damin  s a i d .  I f  n o t ,  t hey  w i l l  s t i l l  
s e r v e  t h e  p r c c i ~ u s  purpose o5 t e l i i n g  t h a t  t h e y  a r e  c o t  good. 
The e q u i v a l e n t  of p r o t e i n s  i n  t h i s  case  i s  a s  a b s t r a c t  a s  words, ' 
7.-:, .- and they  are z c t i ~ ; l s .  ,,.,, ti:2y ;;'s sij;;.:.l'i?;+- sc\i.;?iis: LC; tc:l, one 
c a l l s  tkem e::~cri:-:,ants. Lr.6 !I;?r:;l c.:,r;:es zcience. Sci=;:ci: i s  d i f  - 
f e r e n t  only because it imposes a  very s t r o n g  s y n t a x i s  t o  t h e  i n t e r -  
a c t i o n  between t h e  world of s t r u c t u r e s  c r e a t e d  i n  t h e  language r e a l n  
and t h e  world of  s t r u c t u r e s  explored  by t h e  ex?eriml=nt. An animal 
i s  a l s o  an experiment devised  t o  check t h e  c o n s i s t e n c y  between t h e  
s t r u c t u r e  coded i n  i t s  genes and t h e  c o n s t r a i n t s  of t h e  "ex t .e rna lm 
world. 
Sc ience  h a s ,  a t  v a r i o u s  t i n e s ,  been de f ined  as a meta-language, 
t h e  meta--in ou r  optics--meaning presumably a  h ighe r  h i e r a r c h i c a l  
l e v e l  by r e s p e c t  t o  c u r r e n t . l a n g u a g e  i n  t h e  p rocess  o f  hypercyc l i -  
z a t i o n .  This  l e v e l ,  I s u s p e c t ,  b a s i c a l l y  reduces  n o i s e ,  by d i -  
g i t i z i n g  c o n c e p t s a g a i n s t  l o g i c a l  g r i d s  frorr, which p a r t i c u l a r  
t empla t e s  a r e  e x t r a c t e d .  I n  t h i s  view axioms and l o g i c  provide  
t h e  g r i d  f o r  mathematics,  t h e  g r i d  being made by t h e  set of a l l  
p o s s i b l e  l o g i c a l  s t r u c t u r e s  compatible wi th  t h e  axioms. When 
messages can be kept  h igh ly  f r e e  from e r r o r s ,  t hey  can be very 
long ,  and consequently complex, wi thout  loosening  t h e i r  g r i p .  , 
Because o f  t h e  complex f e a t u r e s  a  hypercycled language can 
mas te r ,  and t h e  c o n t r o l  it has  on man, s o c i e t y  kep t  t o g e t h e r  
and c o n t r o l l e d  by t h e  n e x t  h i e r a r c h i c a l  s t r u c t u r e  we anthropo- 
morphical ly  d e f i n e  a s  c u l t u r e ,  can be considered a s  t h e  n e x t  
s t e p  a f t e r  metazoa, man having most of  t h e  f e a t u r e s  of  t h e  c e l l  
i n  ( p r i m i t i v e )  metazoa. 
Because metazoa, belonging t o  d i f f e r e n t  s p e c i e s ,  can f i g h t  
t o  k i l l ,  i n  t h i s  l i g h t  it becones c l e a r  t h a t  war i s  b a s i c a l l y  
an express ion  of i n t e r c u l t u r a l  compet i t ion.  When t r y i n g  t o  ex- 
p l a i n  why man i s  t h e  on ly  animal which k i l l s  i n v i d u a l s  of t h e  
same s p e c i e s ,  Lorentz reaches  e x a c t l y  t h e  same conc lus ion  [ 2 ] .  
I f  the game i s  t h e  same, then the  mathematics of g e n e t i c s  
and ecology could  be t r a n s p l a n t e d  i n t o  t h e  d e s c r i p t i o n  of human 
a f f a i r s .  Doing t h a t  has been an inexhaus t ib l e  source o f  fun and 
amusement f o r  me, and t h e  co re  of my work a t  IIASA dur ing  t h e  
l a s t  seven years .  I can show here  a  few examples, randomly 
chosen o u t  of  a  v a s t  p o r t f o l i o .  My godfa ther  was H e r a c l i t u s  
who s a i d ;  n d X ~ v o $  n6vrwv v t v  nariip E'uTI, n6vrwv & d  B U U I ~ E $ $ .  
In  modern 1anguage:"Competition is  t h e  c r e a t o r  - and t h e  r e g u l a t o r " .  
The world can bh perceived a s  an assembly of  dynamically competing 
s t r u c t u r e s .  Dominance i s  t h e  f i n a l  measure of q u a l i t y .  
Fig. 1 shows t h e  growth i n  t i m e  of a  popula t ion  of b a c t e r i a  
i n  a  bro th .  J u s t  by changing t h e  t i m e  s c a l e  we g e t  t h e  growth 
of the - c a r  popula t ion  i n  a  c e r t a i n  a rea .  The p o i n t s  r epor t ed  
i n  t h e  f i g u r e  r e f e r  s p e c i f i c a l l y  t o  I t a l y .  
Fig.  2 d e s c r i b e s  t h e  "co lon iza t ion"  of t h e  b r a i n  of  a  c h i l d  
by language, t a k i n g  t h e  o p e r a t i o n a l  vocabulary a s  a  proxy f o r  t h e  
l e v e l  of co lon iza t ion .  
Fig. 3 shows t h e  "co lon iza t ion"  of  t h e  United S t a t e s  by 
paved roads,  u s ing  t h e i r  t o t a l  l eng th  a s  a  proxy. 
Fig. 4 shows t h a t  b a c t e r i a  exhaust  t h e i r  b r o t h  f r o n  e d i b l e  
molecules,  i n  t h e  same way a s  chemists  exhaust  t h e  e x t e r n a l  world 
o f  d iscoverable  elements.  
Fig. 5 shows t h a t  t h e  same occurs  i f  i nven to r s  explore  t h e  
va r i ega ted  world of a l l  p o s s i b l e  machines chas ing  f o r  t h e  more 
e f f i c i e n t  ones. 
Fig.  6 shows primary energy sources ,  and Fig.  7 p a r t i c l e  
a c c e l e r a t o r s ,  both com?eting f o r  customers,  i .e .  coloniz ing  a  
c e r t a i n  eco-niche c a l l e d  t h e  market. 
Fig.  8 i s  a  tes t imony of  my a b s o l u t e  l o s s  of  r e s t r a i n t s  i n  
t h e  a n a l y s i s  o f  s t r u c t u r e s .  Here I assumed t h a t  c auses  of  d e a t h  
by ca t ego ry  can  be a s s i m i l a t e d  t o  e n t r e p r i s i n g  unde r t ake r s  com- 
p e t i n g  f o r  bus ines s .  Some a r e  b e t t e r  and bag an i n c r e a s i n g  s h a r e  
o f  c a r c a s s e s .  The compe t i t o r s  I zoomed i n  a r e  c a r d i o v a s c u l a r  vs .  
n e o p l a s t i c  d i s e a s e s  ( i n  t h e  US). Neop la s t i c  seems t h e  good b e t ,  
c r e e p i n g  t o  v i c t o r y  i n  t h e  l ong  run. 
I s t o p  h e r e  w i t h  examples f o r  obvious  r ea sons  o f  t ine.  W e  
worked o u t  about  400 o f  them, r ang ing  from a i r  t r a f f i c  t o  inven- 
t i o n  and innova t ion ,  o r  t h e  p r i c e  o f  energy.. Vol terra-Lotka 
e q u a t i o n s ,  w h i c h - a r e  c e n t r a l  t o  ecology and g e n e t i c s ,  fit b e a u t i -  
f u l l y  e v e r y t h i n g  [ 3  I 4 1  51 
A t  t h i s  p o i n t  t h e  s k e l e t o n  l o g i c  has  been se t  up t o  frame 
t h e  q u e s t i o n  g i v i n g  t h e  name t o  o u r  conference :  What i s  t h e  
r o l e  of s c i e n c e  i n  t h e  p o s t - i n d u s t r i a l  s o c i e t y .  I would l i k e  i n  
p a s s i n g  t o  redefine t h i s  p o s t - i n d u s t r i a l  s o c i e t y .  I n d u s t r y  w i l l  
keep e x i s t i n g  a s  food produc t ion  does ,  bu t  a  d e c r e z s i n g  s n a r e  of 
t h e  popu ia t i on  w i l l  be employed i n  it, a s  a l r e a d y  hanpened w i t h  
a g r i c u l t u r e  i n  developed c o u n t r i e s .  The p roces s  may t a k e  t h e  
u s u a l  couple  of  hundred y e a r s ,  and t h u s  it h a s  t o  b e . s e e n  a s  a  
dynamic continuum. So I would r eph ra se  t h e  q u e s t i o n  t o :  "What 
i s  the r o l e  o f  s c i e n c e " ,  t o u t  c o u r t ,  o r  adding a t  r o s t  " i n  s c c i e t y " ,  
b u t  dropping t h e  p o s t i n d u s t r i a l .  
A s  I t r i e d  t o  show, s c i e n c e  can be  seen  a s  a  neta- language 
f o r  t h e  e x p l o r a t i o n  of  t h e  e x t e r n a l  world ,  c r e a t i n g  s t r u c t u r e s  
t o  be t e s t e d  by exper iment .  O r  i n  a  more s t i m u l a t i n g  way, a s  
t h e  l a s t  h i e r a r c h i c a l  l e v e l  o f  h y p e r c y c l i z a t i o n  o f  l i v i n g  
s t r u c t u r e s .  The h i g h e s t  and t h e  youngest .  Language and meta- 
language a r e  i n  f a c t  a  few m i l l i o n  y e a r s  o l d ,  while t h e  s t a b i l i z a t i o n  
and e x g l o i t a t i o n  o f  an e s s e n t i a l  s t e p  i n  e v o l u t i o n ,  l i k e  e u c a r i o t e s  
o r  metazoa, took a good b i l l i o n  yea r s .  
To make a  l o n g  s t o r y  s h o r t ,  I would say  t h a t  t h e  main ob- 
j e c t i v e  of  s c i e n c e  i s  t o  g a i n  power. Over t h e  b i o l o g i c a l  world ,  
and ove r  t h e  e x t e r n a l  world ,  b r ing ing  it " i n "  through c o n t r o l .  
To g i v e  a l i t t l e  example, g e n e t i c  eng inee r ing  is  t h e  t a l k  o f  
t h e  town about  s c i e n t i f i c  e t h i c s .  I n  t h e  frame I c o n s t r u c t e d ,  
g e n e t i c  eng inee r ing  i s  a n a t u r a l  and i n e v i t a b l e  s t e p  o f  Logos 
t a k i n g  c o n t r o l  ove r  DNA. 
Science  becomes then  t h e  r e g u l a t o r y  agen t ,  l i k e  t h e  handl ing  of 
mandarin r e p o r t s  i n s i d e  t h e  w a l l s  o f  t h e  e u c a r i o t i c  nuc leus ,  w i th  
an enormous p o t e n t i a l  f o r  p e n e t r a t i n g  c o n f i g u r a t i o n s  o therwise  
i n a c c e s s i b l e  t o  t h e  r e s t r i c t e d  c reep ing  of mu ta t ion - se l ec t ion  pro- 
cesses. 
I n  t h e  same way as p l a i n  language and c u l t u r e  a t t a c h e d  complex 
t o o l s  t o  t h e  hands o f  ~uan, s c i e n c e  w i l l  mesh DNA c o n t r o l l e d  wi th  
logos c o n t r o l l e d  s t r u c t u r e s  i n  an undreamed of new wave of  spec i -  
a t i o n .  I n  t h e  l o g i c  o f  my framework t h i s  is  n o t  f u t u r o l o g y ,  bu t  
a necessary  consequence, i n  t h e  same sense  as i n  E igen ' s  t heo ry  
t h e  d r i v e  f o r  negentropy,  range and c o n t r o l  i s  a  necessary  
consequence o f  s e l f - r ep roduc t ion .  
To swi tch  t h e  s u b j e c t  a  l i t t l e ,  some y e a r s  ago I wrote a  
paper ,  mostly t o  t e a s e  my f r i e n d s  i n  t h e  Club of  Rome, showing 
t h a t  t e c h n i c a l l y  t h e  Ea r th  could  h o s t  1012 people  [ 6 ]  i n  p l en ty  
and r i c h n e s s ,  even meet ing t h e  w h i m s  of f a s t i d i o u s  e c o l o g i s t s .  
S ince  se l f r ep roduc ing  t h i n g s  appeared on Ea r th ,  it never happened 
t h a t  an econiche was l e f t  h a l f  empty. I f  I am r i g h t ,  humanity w i l l  
grow t o  1 012 , and Logos w i l l  t a k e  c a r e  o f  t h e  d e t a i l s ,  a s  DNA 
always d i d  a t  t h e  s t r i c t l y  b i o l o g i c a l  l e v e l .  
:y time slot is reaching the end, and I want to wind up with 
a very constructive example. Through vigorous hypercycling science 
is striving for unity and uniqueness. Cultures are looser and 
do not. They in fact fight each other in a Darwinian way, the 
strongest trying to stamp out the weaker ones, through various 
forms of war. Many individuals and organizational structures are 
expanding their range to world level, across cultural boundaries, 
networking the whole system. This may well be a prelude to a 
cultural hypercyclization, eliminating war and permitting the 
sheltered and interactive development of a variety of cultures, 
giving richness and power to the whole system. Science may help 
here to accelerate the process by interpreting it. The socalled 
free will of the humans is finally not so important. All analysds 
I made show the overwhelming strength of the system, and the 
determinism that comes from its homeostatic controls. And after 
all our position in relation to Logos is not very different from 
that of the cells in relation to the superstructure of the metazoa. 
The thrilling part of all this is that we are just at the beginning. 
The world to explore is vast, the team is strong, we will have 
guaranteed fun for the next billion years. Because we are at the 
beginning of the day, I will forget to mention the sweat, the 
blood and the tears. 
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CAR POPULATION I N  ITALY 
( I N  MILLIONS) 
Fig.  1.  The s imples t  s o l u t i o n  of t h e  Volterra-Lotka equat ion  
i s  t h e  l o g i s t i c  curve which desc r ibes  we l l  t h e  growth, 
e .g .  of a s t r a i n  of b a c t e r i a  i n  a l i m i t e d  environment. 
It  d e s c r i b e s  e q u a l l y  w e l l  t h e  growth o f  c a r  popula t ion  
i n  a geographica l  a rea .  I t a l y  i n  t h i s  p a r t i c u l a r  case .  
EVOLUTION OF T H E  VOCABULARY OF A CHILD 
1 F = FRACTION OF F I N A L  VOCABULARY F 
AGE MONTHS 
Fig.  2.  Looking a t  t h e  b r a i n  o f  a c h i l d  a s  an eco-niche, l e a r n i n g  
of a language can be perce ived  as a form of  c o l o n i z a t i o n .  
Taking t h e  o p e r a t i o n a l  vocabulary a s  i n d i c a t o r  o f  t h e  
e v o l u t i o n  of t h e  p roces s  w e  o b t a i n  t h e  above l o g i s t i c .  
Learning p roces ses  appear  t o  behave always t h a t  way [ 7 1  . 
US SURFACED ROADS (SATURATION POINT 3 . 4 ~ 1 0 ~  MILES) 
Fig.  3 .  Just  as  the iphae o f  a fungus invade a piece  o f  bread, 
paved roads spread over the surface o f  a country. The 
part icular  absc issae  are f o r  the US. The equation i s  
always the same. 
T H E  DISCOVERY OF T H E  STABLE ELEMENTS 
A LEARNING PROCESS 
Fig. 4. Mental configurations explore the external world in 
search for matching structures. This is formally equi- 
valent to a colonization. At any rate, the mathematics 
is identical, as the discovery of stable elements by 
chemists in the 18th and 19th century clearly shows. 
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Fig. 5. Mental configurations can also explore possible external 
configurations. We are dealing here with machines for 
energy transformation, and the-strive of inventors is 
charted through an optimized boundary condition, second- 
law efficiency. Here too, the equation is the same. 
And the colonization takes 600 years. All uphill. 
WORLD - PRIUARY ENERGY SUBSTITUTION 
Fig. 6. Primary energy sources can be seen in many ways. Here 
they are considered as new technologies, colonizing a 
market, just as new species colonize an eco-niche. The 
mathematics is the same. 
From: T.W.L. Sanford  
F ig .  7 .  J u s t  a s  i cec ream p e d d l e r s ,  l a r g e  p a r t i c l e  a c c e l e r a t o r s  
compete f o r  customers .  They can be cons ide red  a s  mutants .  
They come and go i n  t h e  same way. 
CAROIVASCULAR vs. NEOPLASTIC (US) 
AT = 300 YEARS s 
Fig.  8 .  One can s e e  humanity a s  a  l a r g e  b r o t h  i n  which somber 
c o n f i g u r a t i o n s ,  such a s  i l l n e s s e s  and b a c t e r i a ,  f i g h t  
and t h r i v e .  The i r  a c t i v i t y  can be measured e.g. i n  
numbers of  k i l l s  t h e y  bag. I made t h e  grim a n a l y s i s  of  
t h e  compet i t ion  between c a r d i o v a s c u l a r  and n e o p l a s t i c  
d i s e a s e s .  I t  seers t o  work. 
